The two main shortcomings of the state-of-the-art method of sorting chromosomes, specificity and the efficiency of fractionating a significant amount of chromosomes, are addressed by this work in the design of a massively parallel approach using magnetic beads binding to a chromosome-specific DNA probe. In an attempt to isolate human chromosome 15 from a lymphoblastoid cell line, a chromosome 15 centromerespecific DNA probe with a fluorescent tag attached was reacted with the chromosomes. Magnetic beads bound to anti-FITC antibody were reacted with the labeled pool of chromosomes and separated by exposure to a magnetic field. The specificity of the fractionated pool was verified by performing fluorescence in situ hybridization on the isolated pool. The chromosome of interest could be enriched to about 75% within a maximum of 3 -4 days, regardless of the amount of material. D
Chromatin structure is believed to play a pivotal role in regulating genes, in addition to its function in packaging the DNA into the nucleus [1] . The interest and effort previously devoted to exploring chromatin structure and its influence on genetic control have increased dramatically, with the rapid evolution of proteomics research after the deciphering of the human genome. Even though a single eukaryotic cell may contain thousands of genes, only those that are required for the function of a particular cell are expressed; the others are repressed by some regulatory mechanism. Another aspect of regulation is the underlying mechanism of molecular imprints, which are inheritable markers that indicate the transcriptional state of a gene based on parental origin.
Although there is ample evidence to support the fact that chromatin is an integral part of such regulation of gene expression, the details at the molecular level in their entirety are not yet known. A map of chromatin structure, therefore, in defined genomic intervals across the human genome will be a useful tool to understand the impact of such epigenetic processes on the control of genes. What is not yet well understood is what modifications of histones influence the regulation of transcription and how. It could either be as simple as loosening the grip of histones on DNA upon acetylation of histones, allowing transcription machinery to access the DNA template in chromosomes [2] , or a more complicated combinatorial process involving different types of modifications acting synergistically or sequentially, to mark a gene as transcribable or not [3, 4] . A quantitative analysis of the different modifications of histones in a region of interest in a particular chromosome is, therefore, the ultimate picture one would desire to see. A map that illustrates changes of histones, residue by residue, will enable a comparison of the modifications in a patient cell line with that of a control and determine if the gene regulation is influenced by such modifications in genetic diseases.
A multitude of techniques have been used to study the different posttranslational modifications (PTMs) of histones. Although tools such as immunofluorescence [5] and fluorescence in situ hybridization (FISH) [6] will provide a qualitative picture of the protein modifications and the genetic information, respectively, such techniques lack the resolution required to understand the underlying biochemistry of chromatin. A more recently discovered technique, which is widely used currently to study PTMs, especially acetylation, is the chromatin immunoprecipitation assay [7, 8] . This is an indirect way to study histones, because it is actually based on the analysis of DNA that has reacted with the histones. This technique can be considered as a major advancement in the analysis of PTMs of histones. The specificity of the method, however, relies entirely on the quality of the antibodies used. Potential cross-reactivity of antibodies may result in coprecipitation, if the antibodies are not characterized thoroughly against all the possible modifications. Another limitation is the difficulty in assessing the absolute levels of the different types of histone modifications in a cell simultaneously.
This has led the chromatin research community in the direction of mass spectrometry (MS) to unravel the chromatin structure, on a residue-by-residue basis. Although it is not debatable that mass spectrometry will be capable of providing more details than any other technique available and used so far to study chromatin, current mass spectrometric work performed in chromatin research generally involves the analysis of only bulk chromatin. In other words, it is the histones extracted from the entire genome that have been analyzed mass spectrometrically to study PTMs [9, 10] . Although this approach may give insight as to what positions and residues can be posttranslationally modified at a specific functional group, it provides little evidence about the specific modifications in a particular genomic region of interest. The latter is of far more importance, as it can shed light on what is happening genetically and epigenetically in a region of the genome that leads to a disease. The challenge, therefore, lies in the isolation and analysis of chromatin structure associated with specific genes. In the context, for example, of Prader -Willi syndrome (PWS), a pediatric genetic disease, the responsible genes are all clustered in a region 4 Mb in length on the long or q arm of chromosome 15 [11] . To compare the PTMs of histones associated with PWS genes in affected and normal individuals, histones need to be extracted only from the region of interest. The specific segment, which could be a single gene, a promoter region, or multiple genes in the PWS region, needs to be first clipped from the rest of the chromosome to extract histones from that region. The first step in the sample preparation process for this methodology that is yet to be developed is enrichment of chromosome 15. Having a sufficient amount of histones for MS analysis is a significant consideration. However, with the rapid increase in the availability of mass spectrometers with lower detection limits and higher resolution, this may soon be a resolvable problem.
The main objective of the strategy described below is to overcome the two major shortcomings associated with sorting chromosomes by flow cytometry, the state-of-the-art method for fractionating chromosomes. The time required to obtain sufficient material for mass spectrometric analysis by flow sorting of chromosomes is based on the assumption that 1 pmol of histone H4 would need to be analyzed in a gene of 5000 bp. This would require about 10 10 chromosomes containing the gene of interest. Assuming a flow cytometer sorting speed of 10 3 s À1 at 90% efficiency, preparing sufficient material would require 2500 h (15 weeks) of continuous operation, a clearly impractical approach.
In our novel approach using magnetic beads, the chromosomes are sorted in a massively parallel way, as opposed to sorting in series by flow cytometry. Consequently, the time required to get a large quantity of material for any type of analysis is minimal as the isolation time does not depend on the number of cells that need to be sorted. Within about 3-4 days the complete procedure developed with the magnetic beads can be performed and a fractionated pool of the chromosome of interest can be obtained. In addition, by the use of a specific probe to identify the chromosome of interest, the nonspecificity of the standard method that is based on the identification of chromosomes on nonspecific fluorescent, DNA binding or intercalating, dyes may be eliminated.
This approach involves an affinity-based separation in which the chromosome of interest, recognized by a specific probe, is fractionated using magnetic particles. In both published instances in which this strategy has been adopted to isolate chromosomes, somatic hybrids such as humanhamster cell lines, in which a single human chromosome is inserted into a hamster cell line, have been used [12, 13] . This insertion and subsequent growth in a different cell line may cause major changes in the regulatory functions of human chromatin. Thus, this would not be an appropriate method to pursue if the objective is to investigate the native state of human chromatin. Extraction and isolation of a specific human chromosome from an unperturbed system (cell line) is therefore pursued in this work. All of the following solutions were prepared and filtered through a 0.22-Am filter: 1Â SSC (0.15 M sodium chloride, 0.015 M sodium citrate, pH 7.0), Ohnuki_s hypotonic solution [14] (5 ml 55 mM sodium nitrate, 2 ml 55 mM sodium acetate, 10 ml 55 mM potassium chloride), polyamine buffer [14] (Stock A is 150 mM Tris -HCl, 20 mM EDTA, 800 mM KCl, 200 mM NaCl in 100 ml H 2 O; stock B is 5 mM EGTA in 100 ml H 2 O. 5 ml each of stock A and stock B were mixed with 40 ml of Nanopure water, pH 7.2, 50 Al of hmercaptoethanol. To 25 ml of the above 30 mg digitonin was added and incubated for 40 min at 37-C and then sterile filtered. 12.5 Al each of 0.4 M spermine and 1.0 M spermidine were then added.), 100Â Denhardt_s solution (10 g Ficoll 400, 10 g polyvinylpyrrolidone MW 360,000, 10 g BSA fraction V in a total volume of 500 ml), and IB + M solution (50 mM potassium chloride, 5 mM Hepes, 10 mM magnesium sulfate, pH 8.0).
Materials and methods
The magnetic bead approach takes advantage of the specificity of the centromere probe. The mitotic chromosomes extracted by blocking cultured cells at metaphase were then reacted with chromosome 15-specific centromere probes with an FITC label in suspension, to mark the chromosome of interest that needed to be sorted. An anti-FITC antibody was covalently coupled to a magnetic bead via a homobifunctional cross-linker, sulfo-EGS, so that the antibody recognized the chromosome marked with the centromere probe. Chromosome 15 was isolated by exposure to a magnetic field and the crosslinker could be cleaved thereafter.
Cell culture
The GM01056C lymphoblastoid cell line was cultured with 10% FBS, 1% l-glutamine, and 1% penicillin -streptomycin in RPMI 1640 medium. The cells were fed once every 2 to 3 days depending on the cell cycle.
Extracting mitotic chromosomes (polyamine procedure)
The method is a modification of extracting chromosomes using polyamine buffer for flow cytogenetic analysis and sorting [14] . Briefly, cells were blocked at metaphase by adding 0.1 Ag of colcemid per milliliter of lymphoblastoid cell culture for 12 -13 h. Cells were pooled on ice and counted. Cells were aliquoted into 15-or 50-ml polypropylene centrifuge tubes aiming for a final concentration of 6 -14 Â 10 6 mitotic cells/tube. The number of mitotic cells was calculated assuming it is 30% of the total cell count. The cells were centrifuged between 800 and 1000 rpm for 8 min at 2-C. The supernatant was aspirated and the cell pellet flicked. Immediately prior to addition of the hypotonic solution to swell the cells, 12.5 Al each of spermine and spermidine was added to 25 Al of Ohnuki_s hypotonic solution. The volume of hypotonic added was dependent on the concentration of the cells; usually the volume ranged from 2.5 -5.5 ml per 6 -14 Â 10 6 cells. Cells were allowed to swell for 70 -90 min at room temperature and then centrifuged at 1000 rpm for 5 min at room temperature. Supernatant was aspirated and the cell pellet flicked. A volume of 1.0 ml of chromosome isolation buffer was added to each tube and then flicked. Each tube was vortexed vigorously for 15 s and then placed on ice for at least 5 min. An aliquot of the suspension was examined under fluorescence by staining with DAPI or PI, which are both DNAintercalating dyes. Until mitotic chromosomes were released by a majority of cells, the suspension was vortexed for 45 -90 s in total, in 15-s increments. However, it is important to note that too much vortexing makes the longer chromosomes appear stringy and, thus, was avoided.
Labeling chromosome 15 by FISH in suspension
Isolated chromosomes were centrifuged at 50g for 3 min and the supernatant containing the chromosomes was transferred to a separate centrifuge tube. This suspension was recentrifuged at 50g for another 3 min and the supernatant removed into a fresh centrifuge tube to get rid of most of the nuclei and cell debris present in the chromosome extract. To purify the chromosomes further, the suspension was drawn into a 1-or 3-cc syringe through an 18-gauge Â 1 1/2-in. disposable needle and then passed through a sterilized nylon mesh wedged between the syringe and a fresh 18
The concentration of the extracted chromosomes was determined by staining an aliquot (a known volume) with a DNA-binding dye such as DAPI, which was then observed under fluorescence to determine the number of chromosomes in that aliquot. One microliter of a chromosome suspension with a 10 6 chromosomes/ml sample was diluted in a total of 1 ml of polyamine buffer and fixed by adding 20 drops of 3:1 methanol:acetic acid fixative while gently swirling the suspension. Chromosomes were then centrifuged at 350g for 10 min and the supernatant was removed. A volume of 1 ml of the same fixative was added to the flicked pellet while vortexing the tube at the lowest setting and incubated at room temperature for 30 min. After centrifugation under the same conditions, the supernatant was removed and 1 ml of fresh fixative was added. After centrifugation and removal of the supernatant, the chromosome pellet was resuspended in 160 Al of prewarmed hybridization buffer (40% deionized formamide, 4Â SSC, 2Â Denhardt_s solution) [16] . A volume of 2.5 Al of prewarmed a-satellite centromeric probe for chromosome 15 (Cytocell) was added to the chromosome suspension and the entire mixture was denatured for 3.5 min 73-C. Then it was kept on ice for 5 min and incubated for 2 1/2 h at 37-C in a shaking water bath. The labeled chromosome pellet was obtained by centrifugation and resuspension in 500 Al of prewarmed 0.1Â SSC. Chromosomes were centrifuged and the pellet was resuspended in 2Â SSC. An aliquot of 15 Al was stained with DAPI to make sure the labeling had taken place.
Linking anti-FITC antibody to magnetic beads
Equal amounts of rabbit anti-FITC antibody and magnetic beads (8 Â 10 À13 mol each; magnetic beads were calculated based on their density) in PBS (pH 7.5) were reacted with a 10-fold molar excess of cross-linker, sulfo-EGS, dissolved in Nanopure water for 30 min at room temperature. The reaction was quenched with a volume of 1 M Tris (pH 7.5) for 15 min so that the final concentration of Tris was 20 -50 mM. The reaction mixture was incubated for an additional 15 min. The beads were then collected using a magnet.
Bead binding, separation of bead-bound fraction, and cleavage of the bead
Anti-FITC antibody-linked magnetic beads (1 Â 10 6 ) were suspended with 1 Â 10 6 probe-bound chromosomes in 100 Al of IB + M buffer containing 0.05% (v/v) Tween 20 and 5% (v/v) nonfat dry milk. The suspension was incubated for 2 h at 37-C in a shaking water bath [12] . The suspension was then transferred to a square cuvette and the bead-bound fraction was collected by exposing one side of the cuvette to a bar magnet.
When needed, the beads were cleaved by incubating equal volumes of sample and prewarmed 2.0 M hydroxylamine I HCl solution (pH 8.5) at 37-C with stirring for 4 h. The hydroxylamine I HCl solution was prepared by adding hydroxylamine I HCl to a phosphate buffer of pH 8.5 and then raising the pH to 8.5. The cleaved beads could be collected by exposure to a magnetic field and the supernatant contained the cleaved chromosomes.
The entire bead-containing entity can be displaced from the chromosome by reacting the bead-bound separated chromosome fraction with a 10,000 molar excess of free fluorescein dye molecules for 40 min at room temperature, thus displacing the chromosomes, and then collecting the supernatant containing free chromosomes upon exposure to a magnetic field, when required. Excess free fluorescein can be removed by centrifuging the sample at 350g and aspirating the supernatant to collect the centrifuged pellet, which contains the chromosomes.
Paint FISH with commercial probe on isolated pool for verification
To determine if a homogeneous pool of chromosomes had been obtained, an aliquot of the isolated pool was characterized with a FISH probe that paints chromosome 15 specifically. A control experiment was performed with an aliquot prior to isolation. Experimental details are described below. The fractionated pool of chromosomes was spread on microscopic slides by two methods: cytocentrifuging 100 Al of the fractionated pool on a Shandon Cytospin for about 10 min at 7.5 speed or about 5 Al smeared on a glass slide. In the case of cytocentrifugation, an absorbent filter card was placed between the funnel containing the cell suspension and the glass slide to absorb the excess liquid. The cytospun chromosomes were allowed to dry briefly in air and were then transferred for 5 min to a coplin jar containing water. Next they were fixed in 3:1 methanol:acetic acid solution for 20 min at room temperature.
The paint FISH experiment was performed with a commercially available directly labeled whole-chromosome paint probe specific for chromosome 15 as follows. Chromosome-containing slides were denatured for 5 min in the denaturation solution at 73 T 1-C. Then slides were dehydrated by immersing in a series of 70, 85, and 100% EtOH solutions for 1 min each. Slides were then air dried and warmed to between 45 and 50-C to evaporate any remaining EtOH. The probe mixture was prepared by mixing 1 Al of probe, 7 Al of hybridization buffer (provided with the probe kit), 2 Al of H 2 O to make the total volume 10 Al. The mixture was centrifuged for 1 -3 s, vortexed, and then centrifuged again. The tube containing the probe mixture was placed in a 73 T 1-C water bath for 5 min. The tube was then removed from the water bath and placed at 45 -50-C until the probe was applied on the slide. When both slides and probe were ready, 10 Al of probe mixture was applied to target DNA, and a coverslip was placed on the specific area and sealed with nail polish. The slides were then incubated for 4 -16 h at 37-C (preferably overnight) in a prewarmed humidified chamber for hybridization. Posthybridization washes consist of two different washes: first, in 0.4Â SSC at 73 T 1-C, agitating the slide-containing jar for 1 -3 s and then leaving the slides in the jar for another 2 min; second, the slides were washed in 2Â SSC at room temperature for a period of 5 -60 s, agitating only for the first couple of seconds. Slides were allowed to air dry and counterstained with 10 Al of 0.125 Ag/ml DAPI, prior to visualization under the appropriate filter set under a fluorescence microscope.
Results and discussion
A lymphoblastoid cell culture (GM01056C) was chosen as a model system to demonstrate the chromosome fractionation process, shown in Scheme 1.
Chromosomes are in their most compact form in metaphase, the stage of the cell cycle at which individual chromosomes can be identified, which is crucial to isolation of a specific chromosome. By exposing the cell culture to colcemid, a majority of the cells are arrested at metaphase to increase the yield of mitotic chromosomes. Upon extended exposure to colcemid, which is about 12 -13 h for lymphoblastoids, chromosomes become highly condensed and lose their native morphology, making them difficult to identify. Unlike cytogenetic analysis, which is heavily dependent on chromosomal morphology, this is not anticipated as a problem in this affinitybased fractionation method.
Preparation of a clean chromosome extract of good quality from cultured cells is the most crucial factor in the entire process of isolation of a specific chromosome. The cell and nuclear membranes need to be lysed to extract the mitotic chromosomes necessary for the subsequent steps. Several problems have been encountered during extraction and maintenance of mitotic chromosome preparations in the past [12] . The main problem has been chromosome aggregation. This has been mitigated by using two previously reported specific buffers: MgSO 4 [15] and polyamine [16] , referred to as the chromosome isolation buffer. The polyamine method was adopted in this work mainly to preserve the total DNA content of the chromosomes, as opposed to the MgSO 4 method, which increases the activity of endogenous nucleases due to the presence of divalent cations. In the polyamine procedure, spermine, (CH 2 ) 4 [(NH 2 (CH 2 ) 3 NH 3 ) 2 ] 4+ , and spermidine, [H 3 N(CH 2 ) 3 NH 2 (CH 2 ) 4 NH 3 ] 3+ , are added to the buffer, to replace the divalent cations in the MgSO 4 protocol to stabilize the integrity of the chromosomes. Presence of polyamines in the extracting buffer tends to extract proteins such as highmobility-group proteins, TATA-binding proteins, and transcription factors, whereas the nucleosome array remains undisturbed [17] . This assumption has been supported by performing an immunofluorescence experiment with a primary anti-histone antibody for all acetylated isomers on intact chromosomes as well as extended chromatin fibers derived from chromosomes extracted in this manner (data not shown). The secondary antibodies used to identify the primary antibodies carry an FITC fluorescent tag. Therefore, the signals seen with FITC labels indicate the presence of histones, confirming their integrity after exposure to the polyamine procedure.
To rupture the cell membranes for the extraction process, the cells need to be exposed to a hypotonic solution, preferably Ohnuki_s hypotonic [14] for lymphoblastoid cell lines, which swells the membranes. The amount of hypotonic solution used to enhance lysing of the membranes turned out to be very critical. It is completely dependent on the number of mitotic cells present in the culture. For example, for a culture containing mitotic cells ranging from 6 to 14 Â 10 6 , the amount of hypotonic solution required varies from 2.5 to 5.5 ml. A total cell count is done and, as noted above, the mitotic fraction is assumed to be 30% of the total cells.
The swollen cells are then subjected to vortexing to break them open and release the chromosomes into the chromosome isolation buffer containing the polyamines. To reach this goal, applying a physical force by vortexing is carried out for a brief period of time, 50 -70 s, in 15-s increments.
The extracted chromosomes coexist with the lysed membranes and the remaining organelles of the cells in suspension. For further analysis of this chromosome preparation it is important to get rid of all the other extraneous, unwanted cell debris from the extract. A specific protocol developed by the Bio Sciences Division of the Los Alamos National Flow Cytometry Resource of Los Alamos National Laboratories [18] to extract chromosomes of good morphology and remove most of the nuclei and other extraneous cellular debris was adopted. This procedure involves several centrifugation steps followed by filtering through a nylon mesh with 62-Am pores. However, it was not possible to eliminate completely all the nuclei in the extract. An image of some extracted chromosomes that were subjected to this entire purification protocol under optimal conditions is shown in Fig. 1 .
Labeling of the specific chromosomes to be isolated must be carried out in suspension to allow for the eventual magnetic bead separation. As the DNA probe that binds specifically to Scheme 1. Protocol for isolation of chromosomes. the target chromosome is fluorescently labeled with FITC, probe binding to the chromosome of interest is a FISH experiment. Even though the FISH technique is widely used on solid phases such as glass slides, methodology for FISH in suspension was not fully developed until very recently [19] . The previous problems encountered due to clump formation and loss of chromosomes have been minimized in this recently developed procedure. Chromosome loss has been addressed by fixing the chromosomes in methanol:acetic acid (3:1) prior to exposing the chromosomes to the high temperatures of the FISH experiment and by omitting BSA and EDTA from the postwash buffer. Clump formation has been minimized first by eliminating the 10% dextran sulfate, which increases the viscosity of the hybridization buffer, and second, by decreasing the concentration of formamide from 70 to 40%. These revisions have resulted in preserving the morphology of the chromosomes and reducing sample loss.
The probe used to label chromosome 15 targets the asatellite III region of the centromere, designated D15Z1. This probe was chosen because blocking of the centromeric region of the chromosome does not interfere with further analysis of the chromosomal DNA and histones, eliminating a complication associated with the removal of the hybridized probe if it binds to some other region of the chromosome. It has been reported that probes generated against this region can map to the short arm of chromosome 14 [20 -22] . Those results were based on studies done on a very small sample population, however, and were seen on cell lines different from those used in this work. Due to this controversy, this issue has been addressed by characterizing the probe against metaphase spreads generated by GM01056C cells used in this study.
To address this issue, the probe was characterized against metaphase spreads generated by the cell line used in this work. GM01056C cells on glass slides were used to perform solidphase FISH experiments. Only two signals of equal intensity were seen, indicating binding of the probe to only one type of chromosome. This may mean that either that there is no crossreactivity shown by this specific probe to this particular cell line used or, if there is any, it is undetectable under these conditions. The two instances previously reported involved different cell lines. In addition it is also noteworthy that the conditions for washing after hybridization were less stringent (2Â SSC) than the one used in this procedure (0.1Â SSC). In one of the reports, a nonfluorescence method of detection was employed, making the comparison of results even more difficult [22] . To verify this point further, the centromere probe was reacted against a metaphase spread along with a chromosome 15-specific telomere probe. As Fig. 2 illustrates, both probes show binding to the same two chromosomes in a spread, indicating the specificity of the centromere probe.
The chromosome 15-specific centromere probe is tagged with FITC fluorochromes. After the probe is reacted with the chromosomes, they are then identified by an antibody raised against FITC, which is covalently linked to a magnetic bead enabling the bead-bound fraction to be separated from the remaining sample. A homobifunctional cross-linker, sulfo-EGS, was used to link the antibody to the bead. The linker was chosen because it is cleavable by hydroxylamine so that the bead can be removed from the chromosome/probe conjugate after the separation process. Another important feature of the linker is its water solubility due to the sulfo group, making the handling procedure less complicated.
The bead-bound sample was then placed in a square plastic cuvette prior to exposure to a magnetic field to be able to perform the separation on a flat surface. The sample was then exposed to a magnetic field for about 30 -40 min, as it has been observed that there is no settling of the particles during this time. The supernatant was removed and the cuvette was washed extensively with IB + M buffer prior to removing the magnetic field. Then the bead-bound fraction was collected for further characterization.
The only way to get a statistical output for the enrichment by the two approaches of fractionation of chromosomes is by using the isolated pool as the target and to perform a FISH experiment with a commercially available probe specific for chromosome 15. The enrichment will be indicated by the specific signal counted and compared to a nonspecific DNA binding signal. This specific probe was first characterized against a normal metaphase spread to confirm its specificity to chromosome 15 (the experimental procedure is similar to what is described under Paint FISH with commercial probe on isolated pool for verification). The control experiment for verification of enrichment by this procedure is performed with an aliquot of chromosomes immediately after extraction from cells, prior to isolation by the beads. A DNA-binding dye, DAPI, is used to identify the chromosomes on the slide. The slide is scanned to count the number of total chromosomes and painted chromosomes in different locations to obtain the ratio of painted/total, permitting calculation of the percentage enrichment. For the control experiment performed on an aliquot of extracted chromosomes prior to the fractionation process, the number obtained was about 6% (Figs. 3A and 3B) . Ideally, if the sample is random, this number should be around 4.35%, as there are two chromosomes 15 for every 46 chromosomes in a single cell. However, the slightly higher number observed is not unreasonable considering the fact that the chromosomes can come from more than one cell and do not segregate into groups from single cells as in a metaphase spread. When the same experiment was performed on the isolated fraction, a total of 239 chromosomes from three separate fractions were counted. From this set 73% of the chromosomes identified by DAPI were painted, meaning that the enrichment by this fractionation procedure is approximately 73% (Figs. 3C and 3D ). When this same approach was adopted with a different probe specific for the subtelomeric region of chromosome 15 labeled with TRITC to verify the enrichment of fractionation, the percentage of enrichment was calculated to be about 80% with a total number of 110 chromosomes being counted. One of the reasons for this slight difference in enrichment could be due mainly to the difference in the accessibility of the two probes to the target DNA. As the paint probe used in the first experiment covers the entire chromosome, it must hybridize to the entire chromosome as opposed to the second probe, which targets only the subtelomeric region in chromosome 15. The inability to enrich the pool 100% and obtain a homogeneous pool of chromosomes 15 could be attributed to any nonspecific binding of chromosomes to the magnetic beads and/or the centrifuge tubes during the process of separation. It is noteworthy that the integrity of histones was tested using anti-histone antibodies and it was concluded that they were still intact after this procedure. Although the extent of enrichment may be improved by multiple rounds (e.g., two or three rounds) of purification, sample loss could be a potential limitation. The extent of enrichment achieved by this method as the preliminary step of sample preparation is To determine the specificity of the chromosome 15 centromere probe (green signal) used for the fractionation process, it was reacted against a metaphase spread along with a chromosome 15 telomere probe (red signal). As the white arrows indicate, both the red and the green signals appear on the same two chromosomes on the spread, confirming the specificity of the chromosome 15 centromere probe. sufficient, however, as the specificity required can be achieved in the subsequent steps. One such possible approach is to design a probe that cleaves the specific genomic region that would lead to the extraction of histones in the region of interest. This type of separation of specific genomic intervals is more feasible with an enriched pool of the chromosome of interest, as demonstrated in this study.
Conclusion
Due to the drawbacks of the standard method for isolation of chromosomes and since it is essential to get rid of all the extraneous materials to reach for the histones from a selected region of a chromosome, a different method for chromosome isolation has been developed. The efficiency of sorting by flow cytometry reduces dramatically when dilute chromosome suspensions are being used, which is crucial to eliminate any aggregates of chromosomes. Therefore the time actually needed for sorting is very much more than the calculated number.
The methodology described herein tries to overcome the problem of extracting sufficient material in a minimal amount of time and making the sorting process more specific to the chromosome of interest. This method is, in principle, general for any chromosome, provided that it can be demonstrated that the capture probe is specific for the chromosome of interest. In addition, it would also be worth pointing out that such an isolated or enriched pool of chromosomes will have a great degree of significance in general for many types of analysis, such as making chromatin fibers and creating somatic hybrids.
